
®  J  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

@  Publication  number: 0   2 1 2   4 6 5  
A 2  

EUROPEAN  PATENT  APPLICATION 

@  Application  number:  86110915.5 

@  Date  of  filing  :  07.08.86 

®  int.  ci.4:  C  07  K  15/06,  C  12  N  5 /00 ,  
C 1 2 Q   1/00,  C  07  K  3 / 0 2  

Priority:  14.08.85  US  765714 

Date  of  publication  of  application:  04.03.87 
Bulletin  87/10 

Designated  Contracting  States:  AT  BE  CH  DE  FR  GB  IT  LI 
LUNLSE 

@  Applicant  :  Sloan-Ketterlng  Institute  For  Cancer 
Research,  1275  York  Avenue,  New  York  New 
York  10021  (US) 

Inventor:  Eisinger,  Magdalene,  30  Pine  Terrace, 
Demarest  New  Jersey  07627  (US) 
Inventor:  Ogata,  Shun-lchiro,  75  -  14  193rd  Street,  Fresh 
Meadows  New  York  11366  (US) 
Inventor:  Marko,  Olga,  427  Polly  Ann,  Paramus  New 
Jersey  07652  (US) 
Inventor:  Old,  Lloyd  J.,  600  West  End  Avenue,  New  York 
New  York  10024  (US) 

Representative:  Patentanwalte  Schulze  Horn  und 
Hoff  meister,  Goldstrasse  36,  D-4400  Munster  (DE) 

<  

CM 

CM 

O  

&  
III 

@)  Method  for  enhancement  of  growth  of  human  cells  In  culture. 

@  Physiologically  active  growth  factors  produced  by  mela- 
noma  and  astrocytoma  cell  lines  support  continued  prolifera- 
tion  of  slow-growing  cells  such  as  melanocytes  in  the  absence 
of  other  added  compounds. 

WI-38,  a  fibroblast  cell  line  derived  from  human  embryonic 
lung,  was  the  most  active  source  of  melanocyte  growth  fac- 
tors.  No  melanocyte  growth  promoting  activity  was  found  in 
extracts  of  cultured  neuroblastoma,  renal  cancer,  normal  kera- 
tinocytes  or  renal  epithelium.  Nerve  growth  factor,  epidermal 
growth  factor,  melanocyte  stimulating  hormone,  transforming 
growth  factor  -  Beta,  and  platelet-derived  growth  factor  lacked 
growth  promoting  activity  for  melanocytes.  The  presence  of 
melanocyte  growth  factors  and  TPA  together  resulted  in  the 
strongest  mitogenic  activity  for  slow-growing  cells  such  as 
melanocytes,  permitting  the  recovery  (at  20  days)  of  4  to  20 
times  more  cells  than  in  factor  or  TPA  alone.  A  synergistic  or 
augmented  effect  is  seen  with  TPA  plus  melanocyte  growth 
factor. 
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1  This  work  was  p e r f o r m e d   under   a  U n i t e d   S t a t e s  

g o v e r n m e n t   g r a n t   PUS  Gran t   Number  1  R01  CA  32152  from  t h e  

N a t i o n a l   Cancer   I n s t i t u t e .   T h e r e f o r e ,   the  U n i t e d   S t a t e s  

[)  Government   has  c e r t a i n   r i g h t s   in  the  i n v e n t i o n .  

Summary 

10  Ce l l   e x t r a c t s   from  v a r i o u s   human  c e l l   s o u r c e s  

p r o v i d e s   a  growth   f a c t o r   for  c e r t a i n   c e l l   l i n e s   e s p e c i a l l y  

s l o w - g r o w i n g   c e l l   l i n e s   such  as  m e l a n o c y t e s .  

1  5  D e s c r i p t i o n  

M e l a n o c y t e s   are  the  m e l a n i n   p igmen t   p r o d u c i n g  

c e l l s   of  the  body,  which  in  normal   human  sk in   r e p r e s e n t   a 

20  minor  c e l l   p o p u l a t i o n   t h a t   u n d e r g o e s   m i t o s i s   only   r a r e l y  

(S.W.  Downing,  et  a l .   (1974)  J.  I n v e s t .   D e r m a t o l .   62,  4 5 0 ;  

T.B.  F i t z p a t r i c k ,   (1963)  D e r m a t o l .   W o c h e n s c h r .   147,  4 8 1 ;  

W.K.  Jimbow  et  a l ,   (1975)  J.  Ce l l   B i o l .   66,  663) .   L i t t l e   i s  

2b  known  about   m e l a n o c y t e   g rowth   r e g u l a t i o n ,   owing  m a i n l y   t o  

d i f f i c u l t i e s   in  o b t a i n i n g   s u f f i c i e n t   numbers  of  m e l a n o c y t e s  

for  s t u d i e s   in  v i t r o .   We  have  shown  p r e v i o u s l y   (M. 

E i s i n g e r ,   et  a l . ,   (1982)  Proc .   N a t l .   Acad.  Sc i .   U.S.A.   7_9, 

30  2018  and  the  s u b j e c t   of  U.S.  p a t e n t   a p p l i c a t i o n   S . N .  

469 ,854   f i l e d   F e b r u a r y   25,  1983)  t h a t   1 2 - 0 - t e t r a d e c a n o y l  

35  
-  2  -  



0 2 1 2 4 6 5  

2  

1  p h o r b o l   1 3 - a c e t a t e   (TPA)  f o s t e r s   r e p l i c a t i o n   of  m e l a n o c y t e s  

in  v i t r o   by  p e r m i t t i n g   the  p r e f e r e n t i a l   a t t a c h m e n t   o f  

m e l a n o c y t e s   from  sk in   c e l l   s u s p e n s i o n s   and  by  s t i m u l a t i n g  

'5  them  to  grow.  This  m i t o g e n i c   a c t i v i t y   of  TPA  can  b e  

p o t e n t i a t e d   by  c h o l e r a   t o x i n   (M.  E i s i n g e r ,   et  a l .   ( 1982 )  

Supra)  and  i s o b u t y l m e t h y l x a n t h i n e   (R.  H a l a b a n ,   et  a l .   (1984)  

In  V i t r o   2_0,  447)  .  In  c o n t r a s t   to  m e l a n o c y t e s ,   human 

10  melanoma  c e l l s   g e n e r a l l y   grow  v i g o r o u s l y   in  v i t r o   in  t h e  

a b s e n c e   of  TPA,  s u g g e s t i n g   t h a t   t h e i r   i n d e p e n d e n t   g r o w t h  

might   be  a s s o c i a t e d   wi th   the  p r o d u c t i o n   of  m e l a n o c y t e   g r o w t h  

f a c t o r   or  f a c t o r s .   To  p u r s u e   t h i s   i d e a ,   we  began  a  s e a r c h  

15  for  f a c t o r s   p r o d u c e d   by  melanoma  and  o t h e r   c e l l   t y p e s   t h a t  

would  p e r m i t   growth  of  m e l a n o c y t e s   in  the  a b s e n c e   of  TPA. 

Bovine  b r a i n   seems  to  c o n t a i n   a  f a c t o r   c a p a b l e   o f  

s t i m u l a t i n g   m e l a n o c y t e   growth   (L.  W i l k i n s ,   et  a l .   (1985)  J .  

20  C e l l .   P h y s i o l .   122 :350 ;   B.A.  G i l c h r e s t ,   et  a l .   (1984)  J .  

I n v e s t .   D e r m a t o l .   83:370)   . 

M e l a n o c y t e s   were  i s o l a t e d   and  c u l t u r e d   a s  

25  d e s c r i b e d   (M.  E i s i n g e r ,   et   a l .   (1982)  Supra)  .  To  a v o i d  

f i b r o b l a s t   c o n t a m i n a t i o n   we  t r y p s i n i s e d   the  c u l t u r e s   a n d  

p u r i f i e d   them  by  immune  r o s e t t i n g   and  P e r c o l l   g r a d i e n t s   ( 0 .  

Marko,  et  a l .   (1982)  Exp.  Ce l l   Res.  142:309  a l s o   the  s u b j e c t  

00  of  U.S.  p a t e n t   a p p l i c a t i o n   S.N.  4 6 9 , 8 5 4 ) ,   or  we  t r e a t e d   t h e m  

wi th   g e n e t i c i n   (R.  H a l a b a n ,   et  a l .   (1984)  Supra)  .  C u l t u r e s  

35 
-  3  -  
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used  for   e x p e r i m e n t s   were  f r ee   ot  c o n t a m i n a t i n g   f i b r o b l a s t s  

as  shown  by  l e u c i n e - a m i n o p e p t i d a s e   s t a i n i n g   (K.  Wolf  ( 1 9 6 4 )  

Arch.  K l i n .   Exp.  D e r m a t o l .   2 1 8 : 4 4 6 ;   M.  R e g n i e r ,   et  a l .  

(1973)  Acta ,   d e r m a t o v e n e r   (S tockho lm)   52:  241)  . 

N o n p i g m e n t e d   melanoma  c e l l   l i n e s   were  s e l e c t e d   to r   s t u d y   t o  

avo id   the  t o x i c   e f f e c t s   of  i n t e r m e d i a t e   m e t a b o l i t e s   i n  

m e l a n i n   s y n t h e s i s .   In  p r e l i m i n a r y   s t u d i e s ,   we  e v a l u a t e d  

m e l a n o c y t e   growth  s t i m u l a t i n g   a c t i v i t y   in  the  s u p e r n a t a n t  

f l u i d s   of  four   melanoma  c e l l   l i n e s .   As  l i t t l e   or  no  

a c t i v i t y   was  d e t e c t e d ,   we  t u r n e d   to  o t h e r   c e l l   e x t r a c t s .  

C e l l   e x t r a c t s   as  opposed   to  c e l l u l a r   s u p e r n a t a n t s  

were  found  to  p romote   c e l l   g rowth   of  c e l l s   in  c u l t u r e .   We 

note   t h i s   a c t i v i t y   e s p e c i a l l y   on  s l o w - g r o w i n g   c e l l s   such  a s  

m e l a n o c y t e s .   As  known  growth   f a c t o r s   l a c k e d   m e l a n o c y t e  

growth   p r o m o t i n g   a c t i v i t y ,   we  assume  t h a t   we  are  d e a l i n g  

wi th   one  or  a  f a m i l y   of  new  growth   f a c t o r s .   C e l l   e x t r a c t s  

a p p e a r   to  be  a  t a r   r i c h e r   s o u r c e   of  t h e s e   new  f a c t o r s   t h a n  

c u l t u r e   s u p e r n a t a n t s ,   and  i t   w i l l   be  i m p o r t a n t   to  e x t e n d  

t h i s   a p p r o a c h   to  the  s e a r c h   for   growth  f a c t o r s   for   o t h e r  

d i f f e r e n t i a t e d   c e l l   t y p e s .   A l t h o u g h   i t   is  p o s s i b l e   t h a t  

c o m b i n a t i o n s   of  known  growth   f a c t o r s   would  r e p r o d u c e   h e  

e f f e c t s   o b s e r v e d   wi th   e x t r a c t s ,   e x p e r i m e n t s   to  t e s t   t h i s  

have  been  n e g a t i v e .   As  melanomas  and  a s t r o c y t o m a s   o r i g i n a t e  

from  n e u r o e c t o d e r m a l   p r o g e n i t o r   c e l l s ,   p r o d u c t i o n   o f  

m e l a n o c y t e   growth   f a c t o r s   cou ld   be  a  p r o p e r t y   of  s e l e c t e d  

c e l l   t y p e s   d e r i v e d   from  t h i s   l i n e a g e .  
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1  With  r e g a r d   to  the  p o t e n t   m i t o g e n i c   e f f e c t   of  W I - 3 8 ,  

f i b r o b l a s t s   are  known  to  have  both  mesode rma l   a n d  

n e u r o e c t o d e r m a l   o r i g i n .   In  a d d i t i o n ,   the  f a c t   t h a t   g r o w t h  

rJ  p r o m o t i n g   a c t i v i t y   cou ld   be  e x t r a c t e d   from  sk in   f i b r o b l a s t s  

r a i s e s   the  p o s s i b i l i t y   t h a t   dermal   f i b r o b l a s t s   are  i n v o l v e d  

in  the  r e g u l a t i o n   of  m e l a n o c y t e s ,   an  idea   which  has  b e e n  

w i d e l y   h e l d .   A  b r o a d e r   range   of  normal   and  m a l i g n a n t   c e l l s  

10  are  now  be ing   t e s t e d   to  d e t e r m i n e   the  r e l a t i o n   of  c e l l   t y p e  

to  f a c t o r   p r o d u c t i o n .   D e f i n i n g   the  n a t u r e   and  number  o f  

t h e s e   m e l a n o c y t e   growth  f a c t o r s   r e p r e s e n t s   the  nex t   s t e p .  

The  f a c t o r   from  WI-38  a p p e a r s   to  be  an  a c i d -   and  a l k a l i n e -  

*5  s t a b l e ,   h e a t - l a b i l e   p r o t e i n a c e o u s   m a t e r i a l .   70%  a c t i v i t y   i s  

r e t a i n e d   in  pHIO  b i c a r b o n a t e   b u f f e r   at   4°C  a f t e r   30  m i n u t e s  

wh i l e   i t   is  s t a b l e   at  pH3  in  g l y c i n e - H C l   b u f f e r   at  4°C  a f t e r  

30  m i n u t e s .   The  m a t e r i a l   d e m o n s t r a t e s   a  m o l e c u l a r   w e i g h t   o f  

20  40 ,000   d a l t o n s   by  G-100  gel  f i l t r a t i o n .   Some  m o l e c u l a r  

a g g r e g a t i o n   of  the  f a c t o r   was  seen  and  some  10,000  MW  u n i t s  

were  o b s e r v e d   in  SDS  as  w e l l .   The  m a t e r i a l   is  a n i o n i c ,  

b i n d i n g   to  DEAE  at  PH7.  These  c h a r a c t e r i s t i c s   d i s t i n g u i s h  

25  i t   from  known  growth  f a c t o r s .  

The  f o l l o w i n g   examples   are  for   i l l u s t r a t i v e  

p u r p o s e s   only   and  are  not   to  l i m i t   the  i n v e n t i o n   to  t h e  

30  e x p r e s s   examples   shown.  I t   w i l l   be  o b v i o u s   to  t h o s e   s k i l l e d  

in  the  a r t   t h a t   o t h e r   c e l l s   of  n e u r o e c t o d e r m a l ,   e c t o d e r m a l  

35 
-  5  -  
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or  mesode rma l   o r i g i n   can  be  employed   to  i s o l a t e   c e l l  

e x t r a c t s   u s e f u l   for   c e l l   g r o w t h .   These  n a t u r a l l y   o c c u r i n g  

f a c t o r s   can  be  u t i l i z e d   to  a c c e l e r a t e   and  s u s t a i n   the  g r o w t h  

of  o t h e r   c e l l s   in  c u l t u r e ,   e s p e c i a l l y   s l o w - g r o w i n g   c e l l s  

such  as  m e l a n o c y t e s   and  o t h e r   c e l l s   in  g e n e r a l .  

I t   is  u s e f u l   to  e s t a b l i s h   p r i m a r y   melanomas   i n  

c u l t u r e .   These  p r i m a r y   melanomas  o f t e n   grow  ve ry   s l o w l y   i n  

the  b e g i n n i n g .   I t   w i l l   a l s o   be  u s e f u l   to  e s t a b l i s h   t i s s u e  

c u l t u r e s   which  more  c l o s e l y   r e p r e s e n t   the  p r o f i l e   of  c e l l  

t ypes   found  the  t i s s u e   in  v ivo .   Thus  t i s s u e   c u l t u r e   can  b e  

e s t a b l i s h e d   u s i n g   the  f a c t o r   to  enhance   the  growth   o f  

s l o w - g r o w i n g   c e l l s   p r e s e n t   in  normal   or  tumor  t i s s u e  

c u l t u r e .   In  t i s s u e   c u l t u r e   w i t h o u t   the  f a c t o r ,   f a s t - g r o w i n g  

c e l l s   ou tg row  the  c u l t u r e   e l i m i n a t i n g   the  slow  g r o w e r s ,   a s  

for  example   in  e p i d e r m a l   t i s s u e   c u l t u r e   where  m e l a n o c y t e s  

are  the  slow  growing   c e l l s   and  are  ou tg rown  by  the  f a s t  

g rowing   J c e r a t i n o c y t e s   in  t i s s u e   c u l t u r e .  

This   may  be  a  method  to  t r e a t   p i g m e n t a r y   d i s o r d e r s  

as  wel l   such  as  v i t a l a g o .   In  such  a  method  one  would  c r e a t e  

an  a n t i b o d y   to  the  f a c t o r   to  t r e a t   such  d i s o r d e r s   a s  

melanoma  or  v i t a l o g o .  

I t   would  a l s o   be  o b v i o u s   to  s e a r c h   for   a  n a t u r a l l y  

o c c u r i n g   or  c h e m i c a l   a n t a g o n i s t   to  the  g rowth   f a c t o r   (s)  t o  
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slow  melanoma.   This  human  d e r i v e d   m a t e r i a l   or  f a c t o r   s h o u l d  

a l so   be  l e s s   immunogenic   than   an imal   f a c t o r s .  

Example  I  

T e s t s   were  done  wi th   e x t r a c t s   d e r i v e d   from  two  

c e l l   l i n e s   of  n e u r o e c t o d e r m a l   o r i g i n - n a m e l y ,   SK-MEL-131 

melanoma  and  A02V4  a s t r o c y t o m a -   and  from  the  e m b r y o n i c   l u n g  

f i b r o b l a s t   l i n e   WI-38.  C e l l s   were  o b t a i n e d   f r o m  

S l o a n - K e t t e r i n g   I n s t i t u t e   for  Cancer   R e s e a r c h :   the  A02V4 

c lone   of  AO  a s t r o c y t o m a   c e l l   l i n e   from  Dr.  J.  S h a p i r o ,   a n d  

the  SK-N-Mc  N e u r o b l a s t o m a   c e l l   l i n e   from  Dr.  J . L .   B i e d l e r .  

M e l a n o c y t e   growth  p r o m o t i n g   a c t i v i t y   of  e x t r a c t s  

of  SK-MEL-131  melanoma,   A02V4  a s t r o c y t o m a ,   and  WI-38  

f i b r o b l a s t s   was  d e t e r m i n e d   u s i n g   the  p a r a m e t e r   o f  

[  H  J  Thymidine   i n c o r p o r a t i o n   and  m e l a n o c y t e   c e l l   g r o w t h .  

M e l a n o c y t e s   were  m a i n t a i n e d   in  E a g l e ' s   min ima l   e s s e n t i a l  

medium  (MEM)  wi th   E a r l e ' s   s a l t s ;   0.01  mM  n o n e s s e n t i a l   a m i n o  

a c i d s ;   and  2  mM  L - g l u t a m i n e   c o n t a i n i n g   p e n i c i l l i n   (100 

u n i t s / m l ) ,   s t r e p t o m y c i n   at  0.1  mg/ml,   and  F u n g i z o n e   at   0 . 2 5  

m i c r o g r a m / m l   and  10%  FCS  (cMEM)  wi th   one  of  the  f o l l o w i n g  

s u p p l e m e n t s :   E x p e r i m e n t s   A  and  F  c o n t r o l s :   (no  s u p p l e m e n t )   , 

E x p e r i m e n t s   B  and  G:  SK-MEL-131  e x t r a c t   (1 /1000  d i l u t i o n )   , 

E x p e r i m e n t s   C  and  H:  A02V4  e x t r a c t   (1 /1000  d i l u t i o n ) ,  

e x p e r i m e n t s   D  and  I.  WI-38  e x t r a c t   (1/1000  d i l u t i o n ) ,  

E x p e r i m e n t s   E  and  J:  1 2 - 0 - t e t r a d e c a n o y l   p h o r b o l   1 3 - a c e t a t e  

(TPA)  (10  ng/ml)  . 
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F o r e s k i n   m e l a n o c y t e   c u l t u r e s   ( d e s i g n a t e d   MC  1217)  

were  grown  in  cMEM,  TPA  (10  ng/ml)   ,  and  c h o l e r a   t o x i n  

o 
(10  M)  for   11  p a s s a g e s .   They  were  then   seeded   in  the  same  

medium  in  t i s s u e   c u l t u r e   c l u s t e r   p l a t e s   ( 9 6 - f l a t   b o t t o m  

w e l l s )   at  5  x  103  per  we l l   (A  to  E  as  above)  or  in  t i s s u e  

4 c u l t u r e   c l u s t e r   p l a t e s   (12  w e l l s )   at  2.5  x  10  (E  to  J  a s  

above)  .  T w e n t y - t o u r   hours   l a t e r   the  c u l t u r e s   were  w a s h e d  

t h r e e   t imes   wi th   MEM  (not  c o n t a i n i n g   TPA  and  c h o l e r a   t o x i n )  

and  i n c u b a t e d   for   4  h o u r s .   C e l l s   were  then   fed  at  3 - d a y  

i n t e r v a l s   wi th   cMEM  c o n t a i n i n g   c e l l   e x t r a c t s   or  TPA. 

T r i p l i c a t e   c u l t u r e s   were  l a b e l e d   for   6  hours   w i t h  

[3h]  t h y m i d i n e   (5  m i c r o c u r i e / m l )   at  72,  96,  120,  144  h o u r s  

a f t e r   i n i t i a l   a d d i t i o n   of  TPA  or  c e l l   e x t r a c t s .   A f t e r  

l a b e l i n g ,   the  c e l l s   were  washed  t h r e e   t imes   wi th   p h o s p h a t e  

b u f f e r e d   s a l i n e   (PBS)  ,  d i s l o d g e d   from  the  w e l l s   by  

t r y p s i n - E D T A   s o l u t i o n   and  c o u n t e d   in  H y d r o f l u o r   u s i n g   a 

s c i n t i l l a t i o n   c o u n t e r .   For  e v a l u a t i o n   of  c e l l   g r o w t h ,  

t r y p s i n i z e d   c e l l s   from  t r i p l i c a t e   c u l t u r e s   were  c o u n t e d   a t  

5-day  i n t e r v a l s .   S t a n d a r d   e r r o r   of  the  mean  was  l e s s   t h a n  

10%  of  the  mean  c . p . m .   and  c e l l   c o u n t s   for  each  p o i n t .  

Ce l l   e x t r a c t s :   For  the  p r e p a r a t i o n   of  c e l l  

e x t r a c t s ,   c u l t u r e d   c e l l s   (T.E.  Carey ,   et  a l .   (1976)  P r o c .  

N a t l .   Acad.  Sc i .   U.S.A.   7_3:3276;  J .R .   S h a p i r o ,   et  a l .   ( 1 9 8 1 )  

Cancer   Res.  4 1 : 2 3 4 9 ;   M.  Pf  r e u n d s c h u h ,   et  a l .   (1978)  P r o c .  



i  

a t l .   Acad.  Sc i .   U.S.A.  75 :5122 ;   J .G.   C a i r n c r o s s ,   et   a l . ,  

1982)  P roc .   N a t l .   Acad.  Sc i .   U.S.A.   7_9:5641;  J . L .   B i e d l e r ,  

t  a l .   (1973)  Cancer   Res.  32:2643'*  R*  Ueda»  et  a 1 - '   (1979* 

•.  Exp.  Med.  3^50:564;  L.  H a y f l i c k ,   et  a l . ,   (1961)  Exp.  C e l l  

les.  25 :585 ;   M.  E i s i n g e r ,   et   a l . ,   (1979)  P roc .   N a t l .   A c a d .  

;c i .   U.S.A.   26 :5340)   were  grown  to  c o n f l u e n c y   in  t h e i r  

r e s p e c t i v e   medium  in  the  p r e s e n c e   of  10%  FCS  ( f e t a l   c a l f  

serum).   F o l l o w i n g   a  t h o r o u g h   wash  wi th   PBS,  c e l l s   w e r e  

rmeoved  by  s c r a p i n g   wi th   a  r u b b e r   p o l i c e m a n ,   p e l l e t e d   a t  

L80g  for   10  m i n u t e s   and  s u s p e n d e d   in  PBS  (1 :1 ,   by  v o l u m e ) .  

Ml  s u s p e n s i o n s   were  s o n i c a t e d   twice   for   15  s e c o n d s ,   d i l u t e d  

1:10,   and  c l a r i f i e d   by  t w o - s t e p   c e n t r i f u g a t i o n   at  1 6 , 0 0 0 g  

for  20  m i n u t e s   and  150 ,000g   for   45  m i n u t e s .   P r o t e i n   c o n t e n t  

was  a p p r o x i m a t e l y   1.4  mg/ml  as  d e t e r m i n e d   by  the  Lowry  

p r o c e d u r e   (Lowry  et  a l ,   (1951)  3.  B i o l .   Chem.  1 9 3 : 2 6 5 ) .   The 

s u p e r n a t a n t s   were  s e p a r a t e d   i n t o   a l i q u o t s   and  kep t   f r o z e n   a t  

7 0 ° C .  

M e l a n o c y t e s   c u l t u r e d   in  the  a b s e n c e   of  TPA  s h o w e d  

min ima l   l3H]  t h y m i d i n e   i n c o r p o r a t i o n   and  no  c e l l   g r o w t h .   I n  

the  p r e s e n c e   of  SK-MEL-131,  A02V4  or  WI-38  whole  c e l l  

3 
e x t r a c t s ,   m e l a n o c y t e s   showed  a c t i v e   I  H]  t h y m i d i n e  

i n c o r p o r a t i o n   and  r e p e a t e d   rounds   of  c e l l   d i v i s i o n .  

E x t r a c t s   of  SK-MEL-131  or  A02V4  r e s u l t e d   in  a  s i x - f o l d  

i n c r e a s e   in  [3H]  t h y m i d i n e   i n c o r p o r a t i o n   (as  compared   t o  

m e l a n o c y t e s   grown  in  the  a b s e n c e   of  added  e x t r a c t   or  TPA)  . 
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l o  

S x t r a c t s   of  WI-38  r e s u l t e d   in  a  2 0 - f o l d   i n c r e a s e   i n  

[3H]  t h y m i d i n e   i n c o r p o r a t i o n .   With  r e g a r d   to  c e l l   g rowth   a n d  

3 i v i s i o n ,   m e l a n o c y t e s   c u l t u r e d   in  the  a b s e n c e   of  TPA 

g e n e r a l l y   round  up  and  d e t a c h ,   and  a f t e r   20  days ,   c u l t u r e s  

are  l o s t .   The  e f f e c t   of  c e l l   e x t r a c t s   on  m e l a n o c y t e   g r o w t h  

p a r a l l e l s   t h e i r   e f f e c t   of  [3H]  t h y m i d i n e   i n c o r p o r a t i o n ,   w i t h  

e x t r a c t s   of  WI-38  e x e r t i n g   the  s t r o n g e s t   m i t o g e n i c   a c t i v i t y  

for   m e l a n o c y t e s .   T i t r a t i o n   e x p e r i m e n t s   showed  t h a t   e x t r a c t s  

d i l u t e d   1/500  to  1/1000  gave  o p t i m a l   s t i m u l a t i o n   o f  

m e l a n o c y t e   g rowth ;   a c t i v i t y   cou ld   s t i l l   be  d e t e c t e d   a t  

d i l u t i o n s   of  1 / 1 0 , 0 0 0 .   Growth  i n h i b i t i o n ,   most  l i k e l y  

n o n s p e c i f i c ,   was  found  wi th   e x t r a c t s   d i l u t e d   l e s s   t h a n  

1 /100 .   E i g h t y   p e r c e n t   of  the  g rowth   s t i m u l a t i n g   a c t i v i t y   o f  

WI-38  e x t r a c t s   was  removed  by  a d s o r b t i o n   wi th   n o r m a l  

m e l a n o c y t e s   . 

Example  I I  

Table   1  summar i ze s   the  r e s u l t s   of  t e s t s   wi th   14 

c e l l   e x t r a c t s   a c c o r d i n g   to  example   I.  M e l a n o c y t e   g r o w t h  

p r o m o t i n g   a c t i v i t y   was  d e t e c t e d   in  e x t r a c t s   from  t h r e e  

melanoma  c e l l   l i n e s ,   a  n o n c u l t u r e d   melanoma  s p e c i m e n ,   two  o f  

tour   a s t r o c y t o m a   c e l l   l i n e s ,   and  f i b r o b l a s t s   c u l t u r e d   f r o m  

lung  and  s k i n .   E x t r a c t s   from  two  r e n a l   c a r c i n o m a   c e l l  

l i n e s ,   a  n e u r o b l a s t o m a   c e l l   l i n e ,   and  an  e m b r y o n i c   k i d n e y  

c e l l   s t r a i n   and  c u l t u r e d   k e r a t i n o c y t e s   had  no  m e l a n o c y t e  

growth   p r o m o t i n g   e f f e c t .  
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Example  I I I  

The  f o l l o w i n g   known  growth  f a c t o r s   were  a l s o  

nes ted   a c c o r d i n g   to  Example  I:  t r a n s f o r m i n g   growth  f a c t o r - B e t a  

(TGF-Beta)   ,  e p i d e r m a l   growth  f a c t o r   (EGF)  ,  p l a t e l e t - d e r i v e d  

j rowth   f a c t o r   (PDGF)  ,  m e l a n o c y t e   s t i m u l a t i n g   hormone  (MSH)  , 

and  nerve   growth  f a c t o r   (NGF)  (R.K.  A s s o i a n ,   et  a l .   (1983)  

J.  B i o l .   Chem.  2 5 8 : 7 1 5 5 ) .   TGF-Beta  and  EGF  were  p r o v i d e d   b y  

Drs.  R.  A s s o i a n ,   A.  R o b e r t s   and  M.  Sporn .   TGF-Beta  was  

p r e p a r e d   as  o r i g i n a l l y   d e s c r i b e d   (R.K.  A s s o i a n ,   et  a l . ,   J .  

B i o l .   Chem.  2_58,  7155  [1983])   e x c e p t   t h a t   the  removal   o f  

urea   was  a c c o m p l i s h e d   by  d e s a l t i n g   on  C18  HPLC.  T F G - B e t a  

was  t e s t e d   at  a  c o n c e n t r a t i o n   of  0.1  ng /ml ,   0.5  ng/ml  a n d  

1.0  ng /ml .   EGF  was  t e s t e d   at  3  n g / m l ,   6  ng /ml ,   20  ng /ml ,   40 

ng /ml .   For  t e s t s   of  TFG-Beta  combined  wi th   TGF-a lpha   t h e  

c o n c e n t r a t i o n   of  TGF-Beta  was  0.1  ng/ml  and  EGF  3  ng/ml  or  6 

ng /ml .   PDGF  was  t e s t e d   at  1  and  2  u n i t s / m l ,   NGF  at  10,  50 

and  100  ng/ml  (from  C o l l a b o r a t i v e   R e s e a r c h ,   I nc . )   a n d  

alphaMSH  (Sigma)  at  10,  50,  100  and  1000  n g / m l .  

No  m e l a n o c y t e   growth  p r o m o t i n g   a c t i v i t y   was  

d e t e c t e d   in  c u l t u r e s   s u p p l e m e n t e d   wi th   t h e s e   f a c t o r s   e i t h e r  

by  [  H]  t h y m i d i n e   i n c o r p o r a t i o n   or  by  i n c r e a s e   in  c e l l  

numbers  . 
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/2_ 

Example  IV 

E x p o s u r e   of  m e l a n o c y t e s   to  the  combined  a c t i o n   o f  

TPA  and  a c t i v e   c e l l   e x t r a c t s   r e s u l t e d   in  a  s y n e r g i s t i c  

e f f e c t   on  c e l l   g r o w t h .   To  judge  the  i n f l u e n c e   of  added  TPA 

on  m e l a n o c y t e   growth  p r o m o t i n g   a c t i v i t y   of  c e l l   e x t r a c t s ,  

m e l a n o c y t e s   (see  below)  were  c u l t u r e d   for  20  days  in  cMEM 

with   the  f o l l o w i n g   s u p p l e m e n t s .   A:  C o n t r o l   (no  s u p p l e m e n t ) .  

B  :  TPA  B'  :  TPA  +  c h o l e r a   t o x i n .   C  :SK-MEL-131  e x t r a c t .   C: 

SK-MEL-131  e x t r a c t   +  TPA  D'  :A02V4  a s t r o c y t o m a   e x t r a c t .  

D:A02V4  a s t r o c y t o m a   e x t r a c t   +  TPA.  E'  :  WI-38  f i b r o b l a s t  

e x t r a c t .   E:WI-38  f i b r o b l a s t   e x t r a c t   +  TPA.  TPA  was  at  10 

—  8 ng /ml ,   c h o l e r a   t o x i n   10  M,  c e l l   e x t r a c t s   were  d i l u t e d  

1 / 1 0 0 0 .  

Source   of  m e l a n o c y t e s :   An  e p i d e r m a l   c e l l  

s u s p e n s i o n   d e r i v e d   from  a  human  f o r e s k i n   (1290)  was  s e e d e d  

5 i n t o   t i s s u e   c u l t u r e   c l u s t e r   d i s h e s   (12  w e l l s )   (2  x  10 

c e l l s / w e l l )   in  cMEM  and  the  f a c t o r s   l i s t e d   a b o v e .  

T w e n t y - f o u r   hours   l a t e r ,   a l l   u n a t t a c h e d   c e l l s   were  r e m o v e d  

and  each  wel l   was  r e f e d   wi th   the  a p p r o p r i a t e   medium.  T h r e e  

days  l a t e r   the  c e l l s   were  t r y p s i n i z e d   and  seeded   a t  

4 
a p p r o x i m a t e l y   1  x  10  c e l l s / w e l l   i n t o   t i s s u e   c u l t u r e   c l u s t e r  

d i s h e s   (6  w e l l s )   .  M e l a n o c y t e s   were  a l l o w e d   to  a t t a c h   a n d  

l a t e r   g e n e t i c i n   at  100  m i c r o g r a m s / m l   was  added  for   a n  



v e r n i g h t   t r e a t m e n t   (R.  H a l a b a n ,   et  a l .   (1984)  Supra)  . 

o l l o w i n g   t r e a t m e n t ,   c e l l s   were  grown  for   20  d a y s ,  

y p s i n i z e d   and  c o u n t e d .   C o n t a m i n a t i o n   by  f i b r o b l a s t s   was  

x c l u d e d   by  s t a i n i n g   for  l e u c i n e   a m i n o p e p t i d a s e   p o s i t i v e  

e l l s .  

When  c u l t u r e d   in  e i t h e r   TPA  or  e x t r a c t   for   20 

lays,  t h e r e   was  a  4  fo ld   i n c r e a s e   in  c e l l s   numbers  i n  

: u l t u r e s   wi th   TPA,  8-  to  3 0 - f o l d   i n c r e a s e   in  c u l t u r e s   w i t h  

e x t r a c t s .   A d d i t i o n   of  TPA  and  e x t r a c t s   t o g e t h e r   r e s u l t e d   i n  

i  4 0 - f o l d   i n c r e a s e   in  the  case   of  SK-MEL-131  e x t r a c t s ,  

bO-fold   i n c r e a s e   in  the  case  of  A02V4  a s t r o c y t o m a   e x t r a c t s ,  

and  9 0 - t o l d   i n c r e a s e   in  the  case   of  WI-38  e x t r a c t s .  

M e l a n o c y t e s   grown  under   t h e s e   v a r i o u s   c o n d i t i o n s   showed  

d i s t i n g u i s h i n g   m o r p h o l o g i c   f e a t u r e s   (x200  m a g n i f i c a t i o n )   . 

Growth  in  TPA  a lone   or  w i th   added  c h o l e r a   t o x i n   r e s u l t e d   i n  

m e l a n o c y t e s   showing  a  p r o m i n e n t   n u c l e u s   s u r r o u n d e d   by  a  t h i n  

rim  of  c y t o p l a s m   and  long  d e n d r i t i c   p r o c e s s e s   (TPA  10 

mg/ml)  .  M e l a n o c y t e s   grown  in  e x t r a c t s   were  t r i a n g u l a r   o r  

s p i n d l e - s h a p e d ,   wi th   one  or  m u l t i p l e  

d e n d r i t e s   at  each  (A02V4  a s t r o c y t o m a   e x t r a c t   d i l u t e d  

1 / 1 0 0 0 ) .   A d d i t i o n   of  TPA  to  such  c u l t u r e s   caused   c e l l  

e l o n g a t i o n   and  e x t e n s i o n   of  p r o c e s s e s   (TPA  10  ng/ml  +A02V4 

a s t r o c y t o m a   e x t r a c t   d i l u t e d   1/1000)  .  Whereas  m e l a n o c y t e s  

grown  in  TPA  or  e x t r a c t s   a lone   were  c o n t a c t   i n h i b i t e d ,   t h e  
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combined  a c t i o n   of  TPA  and  e x t r a c t s   cause   the  c e l l s   t o  

c o n t i n u e   to  r e p l i c a t e   a f t e r   r e a c h i n g   c o n f l u e n c y .  

M e l a n o c y t e s   c u l t u r e d   in  e x t r a c t s   of  melanoma,   a s t r o c y t o m a ,  

or  WI-38  were  more  h i g h l y   p i g m e n t e d   than  m e l a n o c y t e s  

c u l t u r e d   in  TPA. 

Example  V 

E x t r a c t s   can  a l s o   s u p p o r t   the  growth  o f  

m e l a n o c y t e s   when  seeded   at  low  c e l l   d e n s i t i e s .   M e l a n o c y t e s  

2 (1  x  10  per  s q u a r e   c e n t i m e t e r )   grew  in  the  p r e s e n c e   o f  

e x t r a c t s ,   e i t h e r   a lone   or  in  c o m b i n a t i o n   wi th   TPA,  w h e r e a s  

l i t t l e   or  no  growth   was  o b s e r v e d   when  TPA  or  TPA  c o m b i n e d  

wi th   c h o l e r a   t o x i n   was  added .   F a c t o r s   in  the  e x t r a c t s  

2o  a p p e a r   t h e r e f o r e   to  s u p p o r t   the  g rowth   of  i n d i v i d u a l  

m e l a n o c y t e s   very   e f f i c i e n t l y   and  p e r m i t   t h e i r   c l o n i n g ;   t h i s  

c a n n o t   be  a c h i e v e d   wi th   c u l t u r e s   grown  in  TPA  or  TPA  a n d  

c h o l e r a   t o x i n .  

30  

35  

-  14  -  



e l a n o c y t e   g rowth   p r o m o t i n g   a c t i v i t y   or  c e i l   e x t r a c t s  

Cell  Extracts   Effect   on  Melanocytes  Ml  t x t r a c w  

[  ̂ T h y m i d i n e  
I n c o r p o r a t i o n  

t imula t ion   Index* 
+  «  P.M. 

i s ignat ion  sou rce  

C-MEL-131  Melanoma  .  6.5  ±  0.30  ♦ 

K-MEL-170  Melanoma  3.6  *  °«25  + 

K-MEL-178  Melanoma  3-3  1  0.26  ♦ 

umor  t i s sue   Melanoma  *  0-28  *  

n  u  Astrocytoma  B.3  ±  0.35  ♦  
2  4 

iK-MS-8  Astrocytoma  3.9  ±  0.30  + 

;K-MG-17  Astrocytoma  1-7  *  0 . 1 8  

>K-HG-12  Astrocytoma  1.2  ±  0 . 0 9  

5K-N-MC  Neuroblastoma  2.6  ±  0 . 1 3  

SK-RC-42  Kidney  carcinoma  l.B  ±  0 .16  

5K-RC-2B  Kidney  carcinoma  1.4  £ 0 . 0 7  

HI-38  Embryonic  lung  21.3  ±  2.72  + 

FsFb  1143  Foreskin  f i b r o b l a s t   6.7  ±  0.25  + 

HEKC  Embryo  kidney  1.4  ±  0 .09  

1223  EC  Epidermis  0.6  t  0 .02  

i  C e l l  
imber** 

-  J.  j  -  
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Legend  to  Tab le   1 :  

T r i p l i c a t e   cu l tu res   were  labeled  for  4  hours  with  [3H]thymidine  at  72,  9 6 ,  

120,  144  hours  a f t e r   the  i n i t i a l   add i t ion   of  cell  e x t r a c t s .   The  number  o f  

[ ^ t h y m i d i n e   counts  incorpora ted   at  each  time  In terval   was  added  toge the r   t o  

obtain  a  to ta l   [3H]thymidine  count.  Comparable  s tudies   of  [3H]  thymid ine  

incorpora t ion   were  ca r r ied   out  with  melanocytes  grown  in  the  absence  of  c e l l  

e x t r a c t s .  

*  S t imula t ion   index  1s  given  as  the  r a t io   o f :  

Total  [  H]thymidine  counts  of  melanocytes  grown  in  the  presence  of  f a c t o r s  

Total  |j3H]thymidine  counts  of  melanocytes  grown  In  the  absence  of  f a c t o r s  

S.E.M.  »  Standard  Error  of  the  Mean 

See  Example  1  fo r   d e t e r m i n a t i o n   of  c e l l   g r o w t h  

**  (-)  Ind ica tes   no  Increase  In  cell   numbers 

(♦)  Ind ica tes   one  or  more  populat ion  doublings  1n  20  days 
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b.  E x t r a c t   ot  c l a im  0  u s e r u i   to  proiuuce  yxuw._n  ^  

m e l a n o c y t e s   in  a  s y n e r g i s t i c   manner  wi th   TPA. 

6.  E x t r a c t   ot  c l a im  2  u s e f u l   to  promote   growth  o f  

s l o w - g r o w i n g   c e l l s   in  c u l t u r e .  

7.  P a r t i a l l y   p u r i f i e d   m e l a n o c y t e   growth  f a c t o r .  
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The  p a r t i a l l y   p u r i f i e d   h u m a n - d e r i v e d   m e l a n o c y t e   g r o w t h  

f a c t o r   of  c l a im   7  w h e r e i n   the  f a c t o r   is  a c id   a n d  

a l k a l i n e   s t a b l e ,   h e a t   l a b i l e   and  has  a  m o l e c u l a r   w e i g h t  

of  a p p r o x i m a t e l y   40 ,000  d a l t o n s .  

The  f a c t o r   of  c l a i m   7  e x t r a c t e d   from  t r a n s f o r m e d   human 

n e u r o - e c t o d e r m a l   c e l l s .  

The  f a c t o r   of  c l a im   7  human  e x t r a c t e d   from  normal   human 

f i b r o b l a s t s   . 

Method  for  d e t e r m i n a t i o n   of  a  human  m e l a n o c y t e   g r o w t h  

f a c t o r   which  c o m p r i s e s  

a)  g rowing   human  m e l a n o c y t e s   in  c u l t u r e   in  t h e  

p r e s e n c e   of  an  a p p r o p r i a t e   g r o w t h - s t i m u l a t o r y  

f a c t o r   ; 

b)  o b s e r v i n g   the  p r e s e n c e   or  a b s e n c e   ot  the  g r o w t h  

s t i m u l a t o r y   f a c t o r ;  

c)  t r a n s f e r r i n g   the  m e l a n o c y t e s   to  medium  w i t h o u t   t h e  

s t i m u l a t o r y   growth   f a c t o r   for   a  p e r i o d   of  t i m e  

s u f f i c i e n t   to  slow  m e l a n o c y t e   g r o w t h ,  

d)  add ing   a p p r o p r i a t e   amounts   of  a  m e l a n o c y t e  

s t i m u l a t o r y   growth  f a c t o r   t e s t   s u b s t a n c e   to  t h e  

m e l a n o c y t e   c e l l   c u l t u r e   a n d ,  
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n  

1  e)  o b s e r v i n g   the  p r e s e n c e   or  a b s e n c e   of  t h e  

s t i m u l a t i o n   of  growth  a c t i v i t y   of  the  m e l a n o c y t e s .  

'j  12.  Method  of  Claim  11  w h e r e i n   t r i t i a t e d   t h y m i d i n e   is  a d d e d  

a long   wi th   the  t e s t   s u b s t a n c e   to  d e t e r m i n e   DNA 

s y n t h e s i s   as  the  d e t e r m i n a n t   of  c e l l   g rowth .   ' 

10  13.  Method  fcr  the  p r o d u c t i o n   ot  p a r t i a l l y   p u r i f i e d   human 

m e l a n o c y t e   growth  f a c t o r   which  c o m p r i s e s :   d i s r u p t i n g  

whole  homogeneous   c e l l   and  removing   p a r t i c u l a t e   m a t t e r  

s u f f i c i e n t   to  cause   the  f a c t o r   to  remain   in  the  e x t r a c t  

1  ?')  s u p e r n a t a n t .  

14.  Method  for   the  s t i m u l a t i o n   of  m e l a n o c y t e   growth  u s i n g  

human  c e l l   e x t r a c t   which  c o m p r i s e s   add ing   p a r t i a l l y  

p u r i f i e d   h u m a n - d e r i v e d   m e l a n o c y t e   growth  f a c t o r   t o  

c u l t u r e s   of  m e l a n o c y t e s .  

15.  Method  of  c la im  14  whe re in   TPA  is  used  t o g e t h e r   w i t h  

2U  m e l a n o c y t e   growth  f a c t o r .  
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